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Arrangement for damping of vibrations and defection in a tool holder. 



Technical Field 

The present invention relates to a method and an apparatus for vibration 
damping, and for damping flexing of tools and workpieces in machining. 

5 

Background 

Machining, such as turning, drilling or milling, frequently causes problems of 
vibrations and flexions, particularly when the length of the non-clamped or canti- 
lever part of the tool exceeds 4-5 times the diameter, 
.o Vibrations and flexions are closely related. When applying the tooth to the 

workpiece there will first be a medium flexion caused by the cutting force applied 
to the tooth. When the tool is vibrating, a reciprocating motion will occur above and 
below the medium flexion (see Fig. 1 ). This motion will be amplified if the frequen- 
cies applied by the cutting force approaches the resonance frequencies of the tool, 
is Vibration problems usually occur in internal cutting, when deep cutting is in- 

tended and the possibility of increasing the diameter of the tool holder is low. Two 
types of vibrations are particularly problematic; flexional vibrations and torsional 
vibrations. These vibrations result in poor productivity, poor surface finish, reduced 
tool working life, and they often prevent machining. 
20 Because of tool flexion, the intended dimension or the intended shape will 

not be obtained upon a cutting operation. By permitting adjustments of the medium 
flexion, one could come closer to the intended dimension or shape. One could also 
control the medium flexion to achieve a shape of the end product that otherwise 
would require a special tool. 
25 Workpieces, particularly workpieces having a thiri-walled cross section, are 

also subject to the same problems of medium flexion and vibrations. It is then usu- 
ally the workpiece that flexes, while the tool is more at rest. 

Vibration damping for machining has hitherto usually been performed by 
using passive mechanical dampers in which a mass of heavier material is suppor- 
30 ted in spring and damper elements (twin mass system) which in turn are supported 
in the tool (see US Patent No. 5.413.318, for example). The problem associated 
with mechanical dampers is i.a. that the heavy materials are expensive, each tool 
is limited to specific cantilever lengths and that the damper occupies space in the 
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tool holder, thus weakening the tool. The materials oil and rubber are frequently 
used and they may be hard to obtain in a stable quality and they change proper- 
ties with temperature and working life. In addition, such damping systems have 
limitations as to how low frequencies may be achieved. Also, twin mass dampers 
add an additional mass, hampering the balancing of tools rotating at a higher rpm. 

Active dampening of tool holders may be achieved, for example, by using 
piezoelectric force actuators. Such force actuators have previously been used i.a. 
in passive electrical dampers, such as in shunted force actuators in skis, tenn.s 
rackets and golf clubs. In active systems typically a piezoelectric force actuator is 
used which is bonded or otherwise attached to or within the tool holder. The actua- 
tor will then transmit the force to the tool via shear forces. A control system, typ.- 
cally an adaptive regulating system, controls the actuator force by means of mfor- 
mation from a sensor, typically an accelerometer. In order to be able to damp v.b- 
rations in such a tool in the best possible way, the actuator has to be located close 
to the tool holder clamp. The problem associated with the said locations of actua- 
tors is the fact that they do not allow flexibility along the length of the overhang. 
Also, the force transmission to the tool will be inefficient since these shear forces 
have to be very large in order to resist motions farthest out on the tooth tip. 

The prior art comprises positioning of actuators directly onto or recessed ,n 
pockets on the tool holder, and the forces will then be transmitted from the actua- 
tor to the tool holder via shear forces. With such a clamping of actuators, one will 
be locked with respect to overhang lengths and force direction. 

Sj 'mm fl rv nf the Invention 

The invention solves or at least alleviates the problems of the prior art as 

referred to above. 

According to the invention there is provided a device for vibration damping 
and/or controlling flexion of an object during machining, the device being distingui- 
shed by comprising at least one force exchange device for exchanging a force 
, having a force component directed at right angle to the surface of the object and/or 
for exchanging directly or via a mechanical lever, a moment between the object 
and the device. 



PCT/NO2004/000330 

WO 2005/042195 

3 

in an embodiment the device comprises a bending moment transmission 
device for transmitting a bending moment between the at least one force ex- 
change device and the object. The bending moment transmitting device may corn- 
prise a force transmitting device surrounding the object. In a further embodiment 
me force exchange device could be disposed between a fixed support for the 
object and the force transmission device, and be attached to or recessed .n the 
fixed support Further, the bending moment transmission device may compnse a 
posftioning device for the force exchange device, in which the positioning device 
surrounds the object, and the force exchange device may be disposed between 
the force transmission device and the posftioning device. An elastic matenal could 
be disposed between the force transmission device and the positioning dev.ce. 
The elastic material could be disposed between the at least one force exchange 
device and the object, or between the at least one force exchange device and the 
positioning device. The elastic material could be made from rubber. The force ex- 
s change device could be configured to apply a force having a force component at 
right angles to the force transmission device while also parallel to the surface of 

the object. . 

In an alternative embodiment the device is provided with a pos,tio™ng or 
locator device for the at least one force exchange device for fixing and positioning 
,„ the force exchange device relative to the object. A force transmission device couid 
' then surround the object and be disposed between the force exchange dev,oe and 
,he object. The force transmission device and the force exchange device could be 
located in the positioning device. 

in yet an alternative embodiment the device could comprise a moment 
transmission device for transmitting moment between the at least one force ex- 
change device and the object, in which the moment transmission device ,s a con- 
nector part of the object for fixing the object to a damp for the object. The force ex- 
change device could then be disposed in the clamp for the object. 

According to still another embodiment, the device could be movably d.spo- 
3„ s edre, a th,e»o.heobiect.Further,theat,eastoneforceexchan g edevicecou,dbe 

at ,east one actuator. The at least one force exchange device could be at least one 
actuator, and the device could comprise a control unit for regulating input to the at 
.east one actuator. A sensor could be disposed on or in the object for detecting 
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vibrations in and/or flexion of the object, and the controi unit couid receive signals 
from the sensor for relating the input based on said signals. The sensor couid 

be an accelerometer. 

The actuator could be a shaker, a pneumatic and hydraulic actuator, a pie- 
zoelectric force-actuator or other force pressure or torsion actuator. Further the 

actuators could be adapted to be passrvety controlled, such as by being » the 
form of pneumatic dampers or shunted actuators, and/or acflvely.such as by us,ng 

a damping algorithm. 

Further, the device according to the invention could be modular, permrtt ng 
the use of dtfferent dimensions and geometrical configurations of the obiect. Also 
the device could be adapted to an object which is a tool or a too. holder, poss.bly a 
workpiece. 

Finally, two important and basic embodiments are noted, namely 

that the at least one force exchange device is in the form of at least 
one forcaaBBlying^eyJce for applying the force and/or for applying the 
moment to the object, and 
. that the at least one force exchange device is in the form of at least 
ones^mmrmssyjoe^absorbingvibrationsfromtheobject, sa,d 
damping device being adapted to absorb the force component and/or 
, 0 absorb the moment from the object. 

The present invention utilizes force exchange devices in the form of force 
applying devices and damping devices. As force applying devices actuators hav- 
in P g a fl lb,eflxingdevice(suppori)are preferably used, so that the actuate* can 

^direction of theforce can be changed relative to the cutting forces .occumngm 

„on. The invention also permKs using too. holders having different shapes and d. 
3„ mensions in the same holder. WKh the present invention, the energy (force and 
motion) that is applied to the too, can be substantially increased via shear forces 
by actuators positioned directly on or recessed in pockets on the tool holder as 
previously described. 
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Rriftf Descrip ti"" nf the Drawings 

The embodiments of the invention will now be described with reference to 
the appending drawings, in which: 

Fig. 1 is a graphic representation of several medium machining forces dur- 
ing machining, and variations thereof; 

Fig. 2a shows tool flexion by moment transmission; 
Fig 2b shows tool flexion by direct force application; 
Fig 3a shows examples of an actuator localisation with force direction and 
point of attack relative to an object in accordance with various embodiments of the 
invention; 

Fig. 4 is a principle sketch of a tool with moment transmission »n accor- 
dance with one embodiment of the invention; 

Fig. 5 is a principle sketch of a tool with direct force transmission in accord- 
ance with one embodiment of the invention; 

Fig. 6 is a principle sketch of workpiece dampening with moment transm.s- 
sion in accordance with one embodiment of the invention; and 

Fig. 7 is an example of an embodiment of the present invention, illustrat.ng 
how actuators may press directly on a connector part or flange. 

retailed Description 

Some concepts as used in the following description will be explained in 

greater detail, as follows: 

Tool holder: In this context referred to as the element holding the tooth. 
This may be tooth lock, milling tooth, tooth bar with integrated tooth or a combina- 
tion of tooth block/milling head and adapter, for example. 

Tooth: Clamped bit made of hard material with cutting edges remov.ng 

materials. 

Tool: Assembly of tool holder(s) and tooth. 

Tool clamping: The member holding the tool. Could be split holder, capto- 
holder, HSK holder, Steilkon, for example. 
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Active damping: Damping which is controlled and provided with energy 
from an externa, source could be actuators that are controi.ed by an externa, m,cro 
controiler and provided with energy from an externa, power ampiifier.for example. 

The advantages of using acflve damping is among other things that basically as 
mu ch energy as is desired can be supp.ied to the system, and the poss.Mrty of 
controlling the input by means of adaptive algonthms. 

Passive damping: Damping that is not controiled or provnded wnth energy 
from an externa, source. Could be actuators that dampen upon electrical losses ,n 
ashunt connection buiitlnto the system or a mechanicai twin mass damper.asde- 
j scribed in US Patent No. 5,413,318. 

Modular: Aflexible device having inserts adapted to the configurate of 
the too. holder are included as modu.es. A module consisting of an insert sleeve 
navingacircular cavity can hold a circular too, ofacertain diameter wh,.eamod- 
uiehavingarectangular cavity can hold a rectenguiar too.. Ampule can also ba 
15 adapted to the connector part of the tool. 

An old principle of mechanical advantage is the moment principle (lever). 
Usingalong lever arm does not require forces of the same magnitude as us,nga 
snort arm to achieve a moment of the same size. The deflexion **™£<« 
2 „ bending forces on a homogeneous cantilever beam is given by u-S OEM 
tne deflexion as a result of a bending moment is g,ven by u=ML /2E^ where Sis 
deflexion force.Lisdis,ancefromcentre,Mismoment,Eis the modulus of elas^- 
crard.ismesecondmomentofarea.Whensuperimposingtheseeguaes,! 
appearsthatthemomenthastobeenlargedifagivenincreaseincuttmgforce 



by increasing uie iuiws - 

sion the force or arm of the torsion moment or torque has to be increased ,n order 
to resist the torque caused by the cutting force. 

When diLy applying tomes radia,,y, a corresponding deflexion is given by 
u=FL 3 /3EI, where F is the actuator force. 
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Comparing the various principles offeree transmission shows that both dir- 
ectly applying force and transmitting energy through the lever principle result in an 
improved energy transmission (largerforce and motion) to the tool than transmit 
sion via shear forces. 

in order to utilize the principles of moment or direct force transmission, one 
or more force actuators could be used, such as piezoceramic force actuators, 
stack actuators, hydraulic or pneumatic actuators. These should be positioned ,n a 
manner to permit transmission offerees sufficient to achieve the desired motion. In 
the case of moment transmission, the motion of the tool holder will increase the 
, doser the motion caused by the actuator is relative to the tool holder, but the force 
required will also increase (see Fig. 2a). In case of direct force transmission, the 
motionof the tool holderwill increase the closerthe point of attack of the actuator 
is to the tool holder clamping, (see Fig. 2b). In both principles the positioning wJI 
depend on the size of the tool holder, actuator motion, actuator stiffness and actu- 
5 ator force. 

The motion that is applied by the actuators can resist or amplify v,bra- 
tions/torsions/flexions by orienting the actuators in the direction of interest. Two or 
more actuators can provide a force couple. 

The actuators could be fixed in a locator sleeve mounted on the tool holder, 
in the connector part of the tool holder (in a flange of a gripper, for example), in the 
tool holder clamp or integrated in the machine coupling (revolver or spindle/chuck, 
for example). 

in case of the moment transmission principle, a lever for transmrtting forces 
from the actuators is fixed to the tool holder in front of the actuators. This lever 
25 should be as rigid as possible in order to transmK moment from the actuators in 
the best possible manner and shou.d be of low weight in order to add the least 
possible mass to toe natural frequency of the tool. In addition, toe lever should 
have a certain breadth in order to avoid excessive point stresses. In an alternative 
embodiment, the connector part of the tool holder (see Fig. 7) could be used to 
so transmit the moment to the tool, rather than the lever. 

Both the lever and a possible locator sleeve for the actuators) can be 
moved along the tool holder into a desired position. Also, in case of tools not hav- 
ing fixed overhang (non-modular tools), the tool can be moved into and out of the 
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holder All together, this will result in a considerable flexibility with regard to over- 
hang lengths. With or without the use of insert sleeves, the system could compr.se 
many different tools, in many different embodiments. 

By using the principle of direct force transmission, the actuators will add for- 
5 ces by applying them directly onto the tool holder or onto a force transmitting sle- 
eve fixed to the tool holder. 

Instead of a force transmission sleeve or lever, a different force transmis- 
sion device could be used, such as collar, bracket, fork or the like. 

The actuators could be actively controlled by using a damping algonthm, for 
io example, and/or passively (shunt), and with or without sensors, in the form of an 
accelerometer, for example. The system could also be used in combinat.on with 
other active, for example adaptive mechanical, or passive systems such as mec- 
hanical damper. Instead of or in addition to actuators, the invention could utilize 
passive dampers, such as rubber or hydraulic/pneumatic shock absorbers, for 
is dampening vibrations. 

Fvam ples of F mhnriiments 

Transmission A ^nminn to the Moment Principle 
20 Fig 4 shows an embodiment of the damping device according to the inven- 

tion A tool holder 2 is placed in a tool clamp 5. A tooth 1 for machining a work- 
piece 10 is fixed to the tool holder 2. The tool clamp 5 could be modular and adap- 
ted to different diameters and geometrical configurations (triangular, oval, square, 
for example) of the tool holder. Actuators 7 are fixed between the tool clamp 5 or a 
2S specific locator sleeve 4 and a lever 14 spaced outwardly from the surface of the 
tool holder 2. The actuators 7 are fixed to or recessed into the tool clamp 5 on the 
side facing the tooth 1 . Alternatively, the actuators 7 could be fixed to a locator 
sleeve 4 specific for the actuators. The locator sleeve 4 could be spaced from the 
tool holder 5, so that the damping device can slide along the bar body. The force 
3 „ from the actuators 7 could act in a manner to deform the tool holder 2 directly, or 
the tool holder 2 and/or tool clamp 5 could be supported in a manner to permrt the 
motion from the actuators 7 without being deformed. 
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The lever 14 surrounds the tool holder 2, transferring moment from the 
actuators 7 to the tool holder 2. For further damping, an elastic material 1 1 , such 
as rubber, could be disposed as a filler material between the tool holder and the 
lever 14. In the embodiment that includes a locator sleeve 4 for the actuators 7, 
5 the elastic material could be disposed between the lever 14 and the locator sleeve 
4. The elastic material could be disposed between actuator 7 and tool holder 2 or 
disposed at the exterior of the actuators 7. 

The actuators 7 could be actively controlled by means of a control unit 8. A 
sensor 6 for measuring flexion and/or vibration, such as an accelerometer, could 
10 be placed on or in the tool holder 2 near the tooth 1 . Signals from the accelerome- 
ter 6 are transmitted to the control unit 8 on the principle drawing through l.nes 9 
and the control unit 8 could then regulate input to the actuators 7 based on the sig- 
nals from the sensor. The signals from sensor 6 could also be transmitted by wire- 
less transmission to the control unit. 
15 The actuators could be actively controlled using a damping algorithm, for 

example, or passively using pneumatic dampers or shunted actuators, for ex- 
ample, and with or without sensors such as in the form of an accelerometer. The 
system could also be used in combination with other active, such as adapt.ve mec- 
hanical, or passive systems such as mechanical damper. The actuators could be a 
20 shaker, a pneumatic or hydraulic actuator, a piezoelectric force actuator or any 
other force, pressure or torsion actuator . 

When using passive actuators 7, the device will act as a damping device in 
which the vibrations are absorbed from the object rather than actively applying for- 
ces to the object. The various structural parts of the damping system would then 
25 be the same, but forces would then be transmitted directly or by the moment prin- 
ciple from the object 2 to the actuators 7. 

Direct Force Transmission 

Fig. 5 shows an embodiment of the damping device according to the inven- 
30 tion The embodiment offers many points of resemblance with the moment trans- 
mission embodiment. In contrast to force transmission according to the moment 
principle, the forces are usually applied directly to the too. and usually in a rad.al 
direction. If the forces are applied to a force transmission sleeve 3 fixed to the tool 
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and the direction of the force applied is oriented more along the iength direction of 
the tool, then the principle would be more similar to the embodiment of moment 
transmission. 

Actuators 7 are fixed between the tool clamp 5 or a specific locator sleeve 4 
and the surface of the tool holder 2. The actuators 7 could also transmit forces to 
the tool holder 2 via a force transmission sleeve 3 surrounding the tool holder 2. 
The actuators 7 are fixed to the locator sleeve 4 at the side of the tool clamp 5 fac- 
ing the tooth 1 spaced from the tool clamp 5. The force from the actuators 7 could 
act in a manner to directly deform the tool holder 2, or the tool holder 2 and/or tool 
clamp 5 could be supported in a manner to permit the motion from the actuators 7 
without being deformed. 

The actuators 7 apply forces directly on the tool 2 or a force transmission 
sleeve 3. For further damping an elastic material 1 1 , e.g. rubber, may be arranged 
as a filling material between the actuators 7 and the locator sleeve 4. 

The actuators 7 can be actively controlled by means of a control unit 8. A 
sensor 6 for measuring flexion and/or vibration, such as an accelerometer, could 
be placed on or In the tool holder 2 near the tooth 1 . Signals from the accelerome- 
ter 6 are transmitted to the control unit 8 on the principle drawing through wire 
„ nes 9 and the control unit 8 can then regulate input to the actuators 7 based on 
the signals from the sensors. The signals from the sensor 6 could also be transrn.t- 
ted by wireless transmission to the control unit. 

The actuators could be actively controlled using a damping algorithm, for 
example, or passively (using pneumatic dampers or shunted actuators, for ex- 
ample), and with or without sensors such as in the form of an accelerometer. The 
system could also be used in combination with other active, such as adaptive 
mechanical, or passive systems (such as mechanical damper). The actuators 
could be a shaker, a pneumatic or hydraulic actuator, a piezoelectric force actuator 
or any other force, pressure or torsion actuator. 

The force and motion obtained from an actuator may have different orienta- 
tions and points of attack as shown in Fig. 3. The arrows indicate examples as to 
how the actuators could be oriented and how the force vectors could attack the 
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tool or workpiece in moment transmission and direct force transmission. Several 
actuators could be used and larger forces and dissimilar orientation thereof in 
several desired directions could then be obtained. 

As for the damping system shown in Fig. 4, using passive actuators 7 as 
explained above would also cause the device to act as a damping device in which 
the vibrations are absorbed from the object rather than actively applying forces to 
the object The various structural parts of the damping system would be the same, 
but forces would then be transmitted directly or through the moment principle from 
the object 2 to the actuators 7. 

Rotary ann * Nlnn-Rotarv Tools 

The principles of direct force transmission and moment could be used on 
rotary (milling, drilling) as well as non-rotary (lathe) tools. In case of non-rotary 
tools, the tool 2, actuators 7, sleeves 3, 4, 14 and holder 5 are retained at rest 
while the workpiece 10 is rotating. In case of rotary tools, the workpiece 10 is retai- 
ned at rest while tool 2 and holder 5 is rotating. Actuators 7, and sleeves 3, 4, 14 
could rotate together with the tool, but it could also be retained at rest, if the actua- 
tors rotate together with the tool, then signal and energy are transmitted either by 
wireless transmission or by trailing cables, for example. 

Vibration D a mping and Fteyinn of Workoieces 

Fig. 6 shows an embodiment of a damping device for workpieces according 
to the invention. In damping of workpieces both the principle of moment transmis- 
sion and direct force transmission may be used. Fig. 6 illustrates an embodiment 
in which moment transmission is used. 

The workpiece could be clamped in a chuck 13 and a collar plate or rest 12, 
for example. A damping device according to the invention, based on the moment 
principle or direct force application surrounds the workpiece 10. A sensor could be 
attached to or built into the workpiece 10 for detecting vibrations. This embodiment 
of the damping device is of the same construction as the embodiment shown In 
Fig. 4 with respect to the localisation of elastic material 1 1 , force actuators 7, and 
' force transmission sleeve 3 or lever 14. However, the entire damping device 
shown in Fig. 6 is movably arranged on the workpiece, and the locator sleeve 4 is 



WO 2005/042195 



12 



PCT/NO2004/000330 



therefore fixed to the elastic material and actuators 7. The actuators may be acti- 
vely controlled by means of a control unit 8 connected to the damping device via 
lines 9. 

Also in this embodiment passive actuators may be used. These will then ab- 
sorb vibrations from the workpiece for damping it, rather than actively applying 
forces on it. 

Often, when dealing with thin-walled workpleces or long workpiece over- 
hang, problems will be encountered as a result of vibrations on the workpiece 
when machined. The problem is encountered both in internal and external machin- 
ing so that the principle of the damping device is such that it can be mounted both 
internally and externally on the workpiece. 

Fig. 7 shows an embodiment of the damping device in which the moment 
transmission occurs via a connector part for the tool holder 2. The connector part 
connects the tool holder 2 to a clamp 5 for the tool holder. The connector part 
transmits forces to the tool holder via the moment transmission principle by apply- 
ing forces from the actuators 7 to the connector part on the outermost edge there- 
of. A moment is obtained by placing the point of attack of the force beyond the sur- 
face of the tool. By moving the actuators outwards from the tool itself, a tool is' ob- 
tained having a larger possibility of varying the overhang. 

Embodiments of the invention are described above. However, it would be 
obvious to one skilled In the art that the invention could comprise other embodi- 
ments, such as defined in the appending patent claims. 



